Amylases are one of the main enzymes used in industry. Such enzymes hydrolyze the starch molecules into polymers composed of glucose units. Amylases have potential application in a wide number of industrial processes such as food, fermentation and pharmaceutical industries. -Amylases can be obtained from plants, animals and microorganisms. However, enzymes from fungal and bacterial sources have dominated applications in industrial sectors. The production of -amylase is essential for conversion of starches into oligosaccharides. Starch is an important constituent of the human diet and is a major storage product of many economically important crops such as wheat, rice, maize, tapioca, and potato. Starchconverting enzymes are used in the production of maltodextrin, modified starches, or glucose and fructose syrups. A large number of microbial -amylases has applications in different industrial sectors such as food, textile, paper and detergent industries. The production of -amylases has generally been carried out using submerged fermentation, but solid state fermentation systems appear as a promising technology. The properties of each -amylase such as thermostability, pH profile, pH stability, and Ca-independency are important in the development of fermentation process. This review focuses on the production of bacterial and fungal -amylases, their distribution, structural-functional aspects, physical and chemical parameters, and the use of these enzymes in industrial applications.
INTRODUCTION
-Amylases (E.C.3.2.1.1) are enzymes that catalyses the hydrolysis of internal -1,4-glycosidic linkages in starch in low molecular weight products, such glucose, maltose and maltotriose units (29, 42, 66) . Amylases are among the most important enzymes and are of great significance for biotechnology, constituting a class of industrial enzymes having approximately 25% of the world enzyme market (66, 68) . They can be obtained from several sources, such as plants, animals and microorganisms. Today a large number of microbial amylases are available commercially and they have almost completely replaced chemical hydrolysis of starch in starch processing industry. The amylases of microorganisms have a broad spectrum of industrial applications as they are more stable than when prepared with plant and animalamylases (81) . The major advantage of using microorganisms for the production of amylases is the economical bulk production capacity and the fact that microbes are easy to manipulate to obtain enzymes of desired characteristics.
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Application of microbial -amylase in industry -Amylase has been derived from several fungi, yeasts and bacteria. However, enzymes from fungal and bacterial sources have dominated applications in industrial sectors (29) .
-Amylases have potential application in a wide number of industrial processes such as food, fermentation, textile, paper, detergent, and pharmaceutical industries. Fungal and bacterial amylases could be potentially useful in the pharmaceutical and fine-chemical industries. However, with the advances in biotechnology, the amylase application has expanded in many fields such as clinical, medicinal and analytical chemistry, as well as their widespread application in starch saccharification and in the textile, food, brewing and distilling industries (29, 42, 61) .
-Amylases are one of the most popular and important form of industrial amylases and the present review point out the microorganisms that produce this enzymes.
STRUCTURAL AND FUNCTIONAL CHARACTERISTICS OF -AMYLASE
The -amylase ( -1,4-glucan-4-glucanohydrolase) can be found in microorganisms, plants and higher organisms (42) .
The -amylase belongs to a family of endo-amylases that catalyses the initial hydrolysis of starch into shorter oligosaccharides through the cleavage of -D-(1-4) glycosidic bonds (9, 36, 42, 80) . Neither terminal glucose residues nor -1,6-linkages can be cleaved by -amylase (88) . The end products of -amylase action are oligosaccharides with varying length with an -configuration and -limit dextrins (86) , which constitute a mixture of maltose, maltotriose, and branched oligosaccharides of 6-8 glucose units that contain both -1,4
and -1,6 linkages (88). Others amylolytic enzymes participate in the process of starch breakdown, but the contribution ofamylase is the mos important for the initiation of this process (80) .
The amylase has a three-dimensional structure capable of binding to substrate and, by the action of highly specific catalytic groups, promote the breakage of the glycoside links (36) . The human -amylase is a classical calcium-containing enzyme composed of 512 amino acids in a single oligosaccharide chain with a molecular weight of 57.6 kDa (88). The protein contains 3 domains: A, B, and C ( Figure 1 ). 
A. Structure of amylase B. Structure of amylopectin Application of microbial -amylase in industry
Starch is hydrolyzed into smaller oligossaccharides byamylase, wich is one of the most important commercial enzyme processes. Amylases find application in all the industrial processes such as in food, detergents, textiles and in paper industry, for the hydrolysis of starch (29, 47, 81) .
Saccharide composition obtained after hydrolyze of starch is highly dependent on the effect of temperature, the conditions of hydrolysis and the origin of enzyme. Specificity, thermostability and pH response of the enzymes are critical properties for industrial use (42).
-AMYLASE PRODUCTION
The production of -amylase by submerged fermentation (SmF) and solid state fermentation (SSF) has been investigated and depend on a variety of physicochemical factors. SmF has been traditionally used for the production of industrially important enzymes because of the ease of control of different parameters such as pH, temperature, aeration and oxygen transfer and moisture (16, 22) .
SSF systems appear promising due to the natural potential and advantages they offer. SSF resembles the natural habitat of microorganism and is, therefore, the preferred choice for microorganisms to grow and produce useful value added products. SmF can be considered as a violation of their natural habitat, especially of fungi (74 (16, 69) . The physical and chemical parameters of -amylases from bacteria and fungi have been widely studied and described (29) . Table 1 shows properties of some amylases from microorganisms. 
Bacillus subtilis, Bacillus stearothermophilus, Bacillus
licheniformis, and Bacillus amyloliquefaciens are known to be good producers of thermostable -amylase, and these have been widely used for commercial production of the enzyme for various applications (64) . Thermostable -amylases have been reported from several bacterial strains and have been produced using SmF as well as SSF (83) . However, the use of SSF has been found to be more advantageous than SmF and allows a cheaper production of enzymes (76 (18) .
FUNGAL AMYLASES
Most reports about fungi that produce -amylase have been limited to a few species of mesophilic fungi, and attempts have been made to specify the cultural conditions and to select superior strains of the fungus to produce on a commercial scale (29) . Fungal sources are confined to terrestrial isolates, mostly
to Aspergillus and Penicillium (43) .
The Aspergillus species produce a large variety of extracellular enzymes, and amylases are the ones with most significant industrial importance (32) . Aspergillus oryzae has been largely used in the production of food such as soy sauce, organic acid such as citric and acetic acids and commercial enzymes including -amylase (41) .
Aspergillus niger has important hydrolytic capacities in theamylase production and, due to its tolerance of acidity (pH < 3), it allows the avoidance of bacterial contamination (19) . 
INDUSTRIAL APPLICATION OF -AMYLASE

Starch conversion
The 
Fuel alcohol production
Ethanol is the most utilized liquid biofuel. For the ethanol production, starch is the most used substrate due to its low price and easily available raw material in most regions of the world (14) . In this production, starch has to be solubilized and then submitted to two enzymatic steps in order to obtain improve the digestibility of fiber (23, 24, 86) .
Textile industry
Amylases are used in textile industry for desizing process.
Sizing agents like starch are applied to yarn before fabric production to ensure a fast and secure weaving process. Starch is a very attractive size, because it is cheap, easily available in most regions of the world, and it can be removed quite easily.
Starch is later removed from the woven fabric in a wet-process in the textile finishing industry. Desizing involves the removal of starch from the fabric which serves as the strengthening agent to prevent breaking of the warp thread during the weaving process. The -amylases remove selectively the size and do not attack the fibres (3, 20, 29) . Amylase from Bacillus stain was employed in textile industries for quite a long time.
Paper industry
The use of -amylases in the pulp and paper industry is for the modification of starch of coated paper, i.e. for the production of low-viscosity, high molecular weight starch (29, 86) . The coating treatment serves to make the surface of paper sufficiently smooth and strong, to improve the writing quality of the paper. In this application, the viscosity of the natural starch is too high for paper sizing and this can be altered by partially degrading the polymer with -amylases in a batch or continuous processes. Starch is a good sizing agent for the finishing of paper, improving the quality and erasebility, besides being a good coating for the paper. The size enhances the stiffness and strength in paper (10, 29) . Examples of amylases obtained from microorganisms used in paper industry Application of microbial -amylase in industry includes Amizyme® (PMP Fermentation Products, Peoria, USA), Termamyl®, Fungamyl, BAN® (Novozymes, Denmark) and -amylase G9995® (Enzyme Biosystems, USA) (72) .
CONCLUSION
The use of -amylase in starch based industries has been prevalent for many decades and a number of microbial sources exist for the efficient production of this enzyme, but only a few selected strains of fungi and bacteria meet the criteria for commercial production. The search for new microorganisms that can be used for amylase production is a continuous process. More recently, many authors have presented good results in developing -amylase purification techniques, which enable applications in pharmaceutical and clinical sectors which require high purity amylases.
